INTRODUCTION
Understanding basin architecture and stratigraphy is critical when exploring for coal and other commodities hosted in sedimentary basins. Broad scale gravity and magnetic surveying is very useful for outlining basement boundaries and trends, providing useful information on the overall structure and distribution of thick sedimentary deposits, and are commonly used in the early stages of coal exploration. Electrical geophysical survey techniques (resistivity, induced polarisation and electromagnetics) can also be used to map conductive sedimentary layering in the shallow parts of a sedimentary basin. Seismic reflection surveying is then the most effective geophysical survey method to detect subsurface sedimentary layering and structure within a coal basin, but is very costly and slow, and usually requires cleared access tracks.
The aim of this study was to trial the passive seismic HVSR survey method as a potential early stage exploration tool to help define depth to crystalline bedrock as an acoustic bedrock layer, and then interpret basin margins, faults and the general architecture of sedimentary basins to provide preliminary information that can help predict sedimentary fill and facies for focussing more detailed exploration.
The Wilga Basin was chosen as a trial survey area because it is a shallow basin perched in a cratonic setting having a strong impedance contrast at its base, is located approximately 200 km south of Perth, Western Australia, and there is public access (Figure 1 ). Additional HVSR case studies from shallow sedimentary basins will also be shown at the conference. 
WILGA COAL BASIN BACKGROUND
The Wilga Basin is a small and shallow coal bearing sedimentary basin, consisting of a northern and south part, roughly 39 km 2 in area, and located about 14 km to the south of the Collie Basin in Western Australia (Figure 1 ). The general shape of the Wilga Basin is described by the Geological Survey of Western Australia ("GSWA"; Wilson, 1921; GSWA, 1990) as being a half-graben wedge some 20km long, with a steep fault bounded western margin that tapers (thins) towards the SUMMARY Trial passive seismic HVSR survey lines were carried out in the north-western part of the Wilga sedimentary basin in Western Australia, which is a small and shallow isolated sub-basin to the Perth Basin, sitting above rifted Archaean granite-gneiss basement rocks. The HVSR survey method was trialled to determine if it could resolve subsurface basin features quickly and cheaply. This trial HVSR survey was carried out as a series of transects along open walking tracks. It was very successful for mapping the general basin architecture by resolving bedrock depth to a maximum depth of close to 200 m along the survey transects, and defining a half-graben structure that forms the faulted eastern boundary of the basin, with the basin depth gently deepening toward the west. The HVSR data are also interpreted to have detected subtle layering within the basin sedimentary sequence to possibly map Permian black shale beds, coal measures and splits sitting below an unconformity of Cretaceous sedimentary cover. The passive seismic HVSR method has potential to be a robust survey method for defining basin architecture in shallow coal basins with poorly indurated basin fill deposits, especially in remote parts of the world with difficult access and limited exploration funds to carry out active seismic surveys. east, with Permian coal measures sitting in the middle of the basin stratigraphy (see Figure 2 ), as intercepted in historical shafts and drillholes. There has been no significant coal mining to date within the Wilga Basin, with all significant mining confined to the Collie Basin. The geometry of the basin was initially defined in 1960 using regional ground gravity surveying, which resolved a NW-SE trending gravity low anomaly. Figure 3 shows a filtered regional image of government open-file ground gravity data, resolving the Collie Basin as a strong gravity low anomaly, and the smaller Wilga and Boyup basins as subtle gravity low anomaly responses. The anomalous gravity low response at Wilga is caused by a sedimentary sequence up to 300m thick, and consisting of poorly consolidated and friable Permian aged sediments, unconformably overlain by a thin cover of Cretaceous sediments and Tertiary laterite, deposited within a fault-bounded graben on the Yilgarn Craton (GSWA, 1990) . Coal seams within the Wilga Basin occur within Permian sediments. The stratigraphy of the Wilga Basin is shown in Figure 2 , and it has been has been suggested by multiple authors to be an extension of the Collie Basin (Wilson, 1921; GSWA, 1990) . Similarities between the physical properties of coal seams lead to direct comparisons between early Permian aged coal seams in the Wilga Basin, and the Ewington Member in the Collie Basin. 
PASSIVE SEISMIC HVSR SURVEY TRIAL
A small passive seismic HVSR survey consisting of 4 short survey lines and totalling 65 recording stations, was undertaken by Resource Potentials staff along public tracks crossing the north-western part of the Wilga Basin ( Figure 6 ). Surveying was carried out using four Tromino ® seismometers using a recording time of 20 minutes, over a two-day survey period. Detailed surveying was carried out across 2 east-west orientated tracks that crossed the basin using 100-200 m station spacing. The southernmost track crossed both the western and eastern margins of the basin, but only the eastern margin was traversed by the northern track.
Figure 6. Location of passive seismic HVSR stations (yellow dots) relative to an outline of the north-western Wilga Basin (yellow outline), overlain on a Google Earth satellite image.
The passive seismic HVSR data acquired within the Wilga Basin is considered to be of very good quality, and resolved two clear HVSR frequency peaks representing strong impedance contrast boundaries (for more information on the HVSR method, see Owers et al., 2016) . These frequency peaks have been identified as f0 (lowest frequency) and f1 (higher frequency) in Figure 7 , and are interpreted to be associated with the basin sediment -Yilgarn Craton basement contact (f0), and an interface within the Permian sequence (f1). The interpretation of the HVSR survey results is on-going and the HVSR data have not yet been calibrated to open-file drilling information, but from discussions with a geologist with experience in the Wilga Basin it is likely that the f1 HVSR response is caused by a strong impedance contrast between black shale beds and coal measures within the Ewington Member and surrounding siliciclastic rocks. The HVSR data acquired at each station was normalised based on the maximum and minimum HVSR amplitude observed at that station, and the normalised data were then gridded along survey traverses in cross-sectional view using pixel plots, where red colours represent high amplitude HVSR responses and blue colours are very low background HVSR responses. A strong acoustic bedrock peak frequency response (f0), representing the crystalline basement to the basin, was detected in all of the HVSR stations. The HVSR data has not yet been constrained to drilling information into the bedrock, and so peak frequency data were converted to depth using a constant shear wave velocity of 700 m/s, which was considered appropriate for the local basin stratigraphy. These HVSR cross sections are considered to be preliminary, due to lack of drillhole control for depth calibration. The HVSR cross sections for the two E-W orientated traverses across the western Wilga Basin are shown in Figures 8 and 9 , which show exceptional correlation to a historical geological cross section of the Wilga Basin (Figure 3 ; Wilson, 1922) .
The HVSR data acquired along the southernmost traverse ( Figure 8 ) has clearly identified a half-graben structure that bounds the western margin of the basin. Preliminary HVSR data processing using a constant shear wave velocity of 700 m/s shows the approximate depth to the granitic bedrock, with an interpreted fault offset of roughly 100 m, and the basin reaches a maximum depth of roughly 150 m in the centre of the HVSR traverse. The HVSR data also shows the basin gently deepening to the west, as described by the GSWA (1990) .
The northern most HVSR survey traverse (Figure 9 ) crosses the eastern boundary of the basin and extends towards the centre of Collie Basin
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the western Wilga basin, but the traverse did not cross over the western margin of the basin. The amplitude normalised HVSR cross section also shows the basin depth gently increasing to the west to a depth of 180 m, with some minor normal faulting of the basement layer interpreted. The second HVSR peak (f1), and a zone of similar peaks, are clearly resolved in this cross section, and are interpreted to represent Permian coal measures and black shale beds sitting below Cretaceous deposits at a depth of about 50 m below surface, which is consistent with the basin description by the GSWA (GSWA, 1990) .
CONCLUSIONS
A HVSR passive seismic surveying trial carried out in the western Wilga Basin appears to have been successful for mapping major basin architecture, resolving the fault bounded western margin and wedge-shaped half-graben nature of the western basin. The HVSR survey data is also currently interpreted to have resolved shale beds and coal measures within the Permian sedimentary sequence. The HVSR cross sections shown in this case study have not yet been depth calibrated using drilling information that intersected crystalline basement, and therefore the depths shown here are preliminary after using an assumed average shear wave velocity of 700 m/s. However, the preliminary cross sections show excellent correlation to existing geological cross sections of the Wilga Basin. Better constrained depth calibration can easily be carried out on the HVSR data when drilling information becomes available. The application of this survey method can now be routinely used in this region for more detailed 3D surveying, and it also needs to be trialled at other coal basins where the sedimentary deposit fill is not very well indurated. Figure 6 for location), with the dashed black line highlighting the modelled base of the sedimentary basin, and interpreted normal faults in red. Additional faulting has been identified in the passive seismic data that was not previously visible in interpretation of the basin structure. This cross section shows the basin deepening toward the west, and a zone of HVSR peak responses in the centre of the basin (highlighted in white), are likely related to black shale beds and coal measures, overlain by Cretaceous deposits.
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